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(54) FREQUENCY COMPARATOR AND PLL CIRCUIT USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable frequency 
comparison with only an NRZ signal, without requiring a 
reference clock outputting a comparison result, only when 
existence of change of data is detected by a detecting 
means. 

SOLUTION: The change of the data of an NRZ signal is 
detected by a D-FF1 1 and an EX-OR gate 12, and the 
position of the change of NRZ data in a single cycle of a 
clock CLK is detected by D-FF 13, 14. A reference point to 
detect the cycle of the NRZ signal is set by an OR gate 1 5 
and D-FF 18. The phase of the NRZ signal in the next one 
cycle of the clock CLK is detected, and when the phase is 
found shifted, an UP-signal for raising the frequency is 
outputted by an OR gate 16 and D-FF 19, the phase of the 
NRZ signal in the next one cycle of the clock CLK is 
detected, and when the phase has been shifted, a DOWN- 
signal for lowering the frequency is outputted by an OR gate 
17 and D-FF20. Thus, the frequency comparison can be 
performed with only the NRZ signal. 
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(57) [gg&] 

imzftot, up/DowNwfes&Ko-tL* a^r 

(11,12) ?n>y?CLKi>j:^nj: l 5fcffiffl* I 9 

? C L K JUKI |*| fcfc (t £ N R Z ft-f-CO r - ^ ^fcfi 

a*«tai-r4#s(i3,i4) NRzfi-f^sBiBsmai 

i-4fe«)^»jiSt»S&r4*a(15.18) fc. -I^OK* 
Mit(:?n7?CLK CO&CO—mWl&tpTftN R Z 

©^{HB^tMBU W*4J:SUP/DOWNj| 

^*tB*^*¥«(i6, 19/17, 20) fc^^r-rsflusfc-r 
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MIE? a •/ jafi|cofflr H 1l*ldriBN RZit^co 

c if Mm 2 ] m , mis n r z m^> f--- 

i*i t & 1 1 & Htri e n r z fi-f-c?) x - ? ^itsa £ ^ m -r & 

IBtttoJl^JtKflo 

[ If 3 ] MIEJtsRMte , MIEN R z M-t^» 

4»S#Ki: . MIEIS 

mum £ fflWt & P L L 0Src<fc -? T . 
MIEMiSitibRSte. 

MIE? n -/ ^fl-^-^— Mlfil^SFHlrt^MIEN RZfl-^<7) 

[ if *ii 5 ] mimm^mt , mien r z ft^-cox- 

-r-^^bttm^s t , mie? u-y ? 

Wi^rii i.T/Z\ti&. D kfiffl^'9 0 ° Wxtzm®}? n ■/ ? 

, ffflEx- ^ajW3<^aitiJ;>J £JE 
¥LT& i 95Mf.r^ < i: l A MIE^n^fl-f-co-Mra 
F*I #3 i t £ MIE N R Z fi-^-co -r - ^ 3£ffc{£B £ ^ a -r •§> 
^tfia^ttl^lfih £frr& £ i: ^Slf^if 4 

IEa«PLLH]S&. 

[ if 6 ] MiEJ:t«^s«i . mien r z imcomm 
zm&^&tzfrnmm£M%.~?&&^&b , mieis 

t i ^ T Kg § *ufc M f eag£j£ Srtt tMIE 7 n 
-7 ^«^-<50^<50— jaSB<Z>#T0)19£N R Zff-f-cofiffi^ 

S i Hf&i: 4 I**IR4 IE«« PLL EJ». 
[^aj^Pffl^lMBH] 
[0001] 



V<rixSrffl^/SPLL (phase locked loop) HB&tM 
t, #tCNRZ(non return to zero)ff-^-i; HIBSr t S 
PLL HIIEt t i WcfflV^T»^ffl«38Jl3««fcWt 

•I) o 

[0002] 

(VCO) cr>%M7v-y7b. N R Z iE^z \a[M L tzft- 

Mfrt> <7>^m 9 n v ? co mmm. % aMt %> a> ti 

TV^fc. itf5PLLHII|tf[)|lIB0|£Bl5{C^. 
[00 03] @5tCfcVVC. «J±$lJffl^ffits 101WI 
n '7 ^ i± . fiffii:tK§ff ( P D ) 10 2 CD-j?CD Xf) 

{ztzhkh ittz* 4J*H»1 03tl/n (niigMiS:) 
t^JSSfLTJSJiS»fiLfflJt«SES ( P F D ) 10 4 
60A^^5:4 o SfflJ:tKl0 2ll NRZft-^&flfi^T 

^a* ^ l . mmmzmgs i o i co?ys? o -7 ^ t n 
r z m^fiffl*it«E l , ^y\mmzms^x\m *■ 

[0004] -^r. ^^fiffiib^ 1 0 4 (i, NRZ 
fi^fcllW t ^#{ts^ o -7 ^ Srffi^rcOA* fc t . 1 An 
*JBSnfc«EBWa»HffiB 1 0 1 cDft«?n >y ^ fc«S8 

iSf*£ IS < -thtdhcn u p fl-f-4 fe{±jg £ffi< -f s 

[0005] ffiffljt«s i o 2&£vfflwmtiffl&m* 

1 0 4tfO#JtKai^(4. -bb-J?^105^2A^Ji;^ 

Lhi\h®m\%^zm^xw&\m%k \ o 2fcj;v'jf 
%m®.mt$m i o 4 ^jtssffi^o-s-saw-rs . 

KVrmR 1 0 6 jo J; tX/U — i)V9\Ql imxM 

smwrnmrn o i t^coraw«j±i: LTffi^^^s. 

[00 06] ±IE«^PLL0E§^V^Tii. 
tL-?^105 £IHife»4ffiJ:bKfl 1 0 4fl tcflj 

EMP^ffiSl 0 l«^K^c?'7^t0 1 /n?n7?« 

SI 0 2«tCflJ0#i.S. ^4k. CiffiJtRSl 0 2W 
a»aj*t*^V^T, SESfJfP^ffiSl 0 1 O^ffi^n 
■7 ? Sr N RZ«#tfl[ffl|^!S*4ilBl3&Sff *>ns . 
[00 07] ;(^«PLLEiTli, N RZfl-^tC 
HIS L-fc#SH? a -7 ^ £^R£t-S mHj^jfifB-C* S fc fc 
t>fc:, vco?P7;«i/n?07 ^<JO^JS3gt3& t #S§ 
7ri y 7com&W&imz3\t>&£ti?zc\t$:mftlL. ® 
#fi-§-Sr^*LT-tl^ ^ ^ 10 5 fc-TOOS* SfctfxTtfh 
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•t &tz#>^ PLL h^yx^rfftt^'lK^: 

[00 08] Zflh&mma&^-t&tzMZ^ NRZfl 

mzmm Ltzmm ^n-y^^smt^t-r. nrz mnco 

Affiffl £ OMt h «Bic<7) P L L Wktfi fo h . - 0) P L 

(vco) ii lemMtV'ytit. {mtm$5 

(PD) 1 1 2&£lffflWm}m$s (FD) 113^ 

-}j?>A7Jfc&&o ©fflJtR^l 1 2ts*xfm&k!m 
#§1 1 3(4, NRZ<I^£4Hfe*Ttf>A# £1/0*4. 
[0009] fiEffiJtSSS 1 1 211 mj±©j«^«n 1 1 

ffliCSo'v vt fiffl £ Bft & fctf)^ U P ft # i iiftffl 

tmi 1 2£>Jt«tfJ;*Jti, f-*— yjJfVTIlHSl 1 Ato 
i.Xf)V—7~7 4 )V? 1 1 5*gT*J±$iJffll^jiSl 1 1 
t't<^fiDlB**HII , ^Sfc»^)ftl«WEEi: LTf*S&§ix 

[0010] JSiSIfeJtBS 1 1 3 ii, «Efai»f| 

p fi-f - * ;t t&saaR £® < -r s d o wNfi-f - §: aj 

a-*-*. £^8i»Jfci&iBl 1 3^tb«aj7](4, -f-r- 
S^yTHS&l 1 6&±t£/V— 77 1 1 7iMX 

flWEfcl/CffittS*.*. 

[0 0 1 1 ] H7(C. ja»»Jt!R»l 1 3 CDHISS«fiJc<7) 
C£fcM£^f\ CcO^M&^Ji, NRZfg^ I6« 
WHMW&ffil l ltf>IHI?ny$\ SP*>vco?n 

•;?CLK, <I^VCO:?n v?CLK tlMfflCD;?U-y 
? I C LKfciV'icO^a.y ? ICLKj:OW90 

[0012] H7£i3VVC, NRZfl-§-i±D - 7 >J «/7 
7077 (liTF, D - FFhlS-T) 1 2 1 COD (x— 
^> ATJt^r&t t fct, X?y?^-i//OR (lit 
T. EX - OR^IB-T) M 2 2<7)— IjCVAJjbZ: 
h ri D - FF 1 2 1(4, VCO^n-y^CLK2rCK 

(?n-y?) ATI h LTV^S „ - FF 1 2 1 OIE 

ffl£U;JjQ(4, E X - ORf - h 1 2 2 ^ffcfrcD.A;lj b t£ 

[00131/P7/ICLK, QCLKH AND^ 
-M23, 1 24^2AAJ:^So ^fc, AND^" 
-M 2 4co?nv? I C LKfliJ^A^JJl ftf&SA* 
fc=3:^TV^4o ^tl^AND^— M 2 3, 1 24^ 
KM, D-FF 1 2 5, 1 26^DA^Jt«. D 

-FF125, 12 6(1 EX-ORy-H2 2tfDaj 

[0014] D-FF 1 2 5, 126 ^)#IEfflft}j Qti 



M^D-FF1 27, 1 2 8^DA^lh*0. D - 
FF127, 1 2 8<50#iEfflaJSjQtiS^fc:i>CaOD - 
FF129, nO^DA^t^Stt^t, AND 
y-M32, 1 3 1^#^ ^A^t&So ZtLbD 
FF1 2 7, 1 28, 1 29, 1 30(1 VCO/H 

7?CLK£CKA*tLm. 
[0015] D-FF 1 29, 1 3 0 ^#IEffittJtlQ 
Jl AND^M3 1, 1 3 2 <?D4MfcfiT<?5A* fc =3r 

So -etT. and^m 3 1 <??aj*3&sjaaaR&fi< 
[0016] act. ±K«isoja^aitK^co0^Kj^ 

Crowe. E[8^^-f 

a, ^fc. ms<r)?4 ^yy^—vhz&^x^ AND 

h 1 2 3 60^2: ( a K AND^h 1 2 4^tH 
;Jj£ <b) . EX-ORy-M 2 2£0ffiyl£ (c) b 

[0017] AND y — b 1 23COliiti ( a ) tl 
7/ICLK, QCLK^fttffil/^/p (JJTFs "H" 
W<^f:fE^) COt^t "H" W^fc&O , AND^ 
— M 2 4^tf}^J (b ) tl I CLWK 

/I' (£IT. "L w V<JVh%£fr) . /n7/QCLK^' 

"H" "H" ZZX\ A 

ND^M 2 3(r)Hiti ( a) 3&s "H" 
X. AND^b 1 2 4^ ( b ) A* "H" 

[0 0 18] VCO^o^^CLKcO*SMfflt-*3^ 
- FF 1 2 1 JSitXEX - OR^-h 1 2 2Ctfttt? 

^ ex - ony—h i 2 2^offi^f ( c ) *s "h" i/^; 

[0019] ^^0t#. AND V 1 2 3^ti 
(a) *s "H" ^^m^f (a) 

iiEX - OR^b 1 2 2^tU^J ( c ) <?>m$9A 5^ 
- FF12 5\Zy y^flh, ZtHzX^O, D - 
FF 1 2 S^IEfflffcfrQ* 5 "H" l^^t^rSo 

VCO^n-y/'C L K(7)^»±_t^ ^ 
S y/tD - FF12 5C0iEffiaSlrQA*D - FF127 

[0 0 2 0 ] JlCOVCO^n^^CLK^tfOjaSittS 
^T. 08^^-f Sym^bC^t J: 3 NRZ 

^'D - FF12 ljoi^'EX - ORy-'-f 12 2CT 
tt*n§fL. EX - OR^-b 1 2 2^^^ ( c ) iffilf 

"H" W^£:3r&, 

[0 0 2 1 ] <T # . AND**— M 24cr>ttij] 
(h)ifi "H" Zcvtirt] (b) 
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i±EX - OR¥—h 1 2 2cr>ftt) ( c ) com&?4 ^ 
fTD - FF 1 2 6l,ZgW&&tl&. ZtllzZ*). D- 
FF 1 2 60iEffitil^Q^ "H" 

5 y^'T'D - F F 1 2 6C9IEffliii:fjQj&*D - F F 1 2 8 

[0 0 2 2] ZCDt^mmz^ D - FF 1 2 7«iEffltil 
^Q#D - FF 1 2 9 (CJR 9 Zfll/ZX *) . D 

-FF1 28, 1 2 9t7)#iEfflffi^Q^'ft^ "H" K 
/Pfc&O. ANDf-M3 1«2AMSC "H" U 
Ol-iiSr&yttf). AND^'— M 3 ltfOtb^J, HU^UP 

"H" K/kfc&l.. 

[0023] -t^bH. fc&mMTNRZm^-CO?—? 

^ttmm x tc a o . ijcwffl arc nrz «#o<jot 

LTVCO?P7 ^CLKCDMre^ffiU. aij^vco? 

[0024] — 2i\ El8W^-f 5>-^>v — Mcti^S 
£A4 WS-tti .nrz fl-f-coMUfcfrf Uvco^n 

>y^CLKOia#J9^V\ IWCO^ny^ClKW 

tfSR*ili< , *--6^«>^)UPM#*as*i-*ii:t= ! Sr4. 
[00 2 5] 

fct^cOjgSS^blfctsTli. NRZf-^100 0 1 
coi 3 fcSWbWBRWTSrV^fc STtJrbKSrfi 1 oWfiJcfc 
SroT^^tf). SaSfcte^cOflCffl^Xl^ NRZ 
-f - ^ co^bolWS < £ t «fc -5 Tic+%cDXV t £■ 
0. UP/DOWNWTOe*K-5Tt4-3RnBtt3& t * 

*U«rJ"ttUf*fe!Srv^i:i*TDOWNm#*ajA LSe 

[0026] *»BBJ4, ±£SWfc»*T2r§*Lfc«>*) 

•S JUSSit^lfc iTXA-^ - -y ? a -y ? -T'fcE 

p l l megs tsffi-r s ^ t * bb^j t -r § . 

[0027] 

[ mm it mm- & tz^^k \ c ± s jw«j:b«c 

IHi, NRZ^<a?oy:?JS^(c*fl/c»f©o?ti 
>y^ft-f-OJli^S:Jt!R-ri»Jll^SUt!K^T$>-?T. ? 
o - y ? m-^-co-MSBoii^rt CNRZ fW- * SBffc 



[0 0 28] ^HBciSPLLlHlB&ii, NRZ 

ff-f-co ? a «y ? t «EfM#P?&Slf§co?Mf ^ a -y ? coJIS 

m^itm-r^mmmtm^t lt. ±ie«i£c7)jg}»b 

[00 29] ±!B«Jic^Mi«fc«£gfc ilXifL*fflV^ 
^PLLE^feUT. NRZfl^cO^£fflVv<:jlli&St 

UliSffCOfSJi? a >y ? ) co— IHSBcoairalrt'C-fON RZfl 

n^ft^rrs. -r^t^. NRzfi-^«'r-^^t:* i 'a 

[0030] 

[^BJconjiS^^ffi] ot. *^BHcoHiSfecojFM^ov^ 
[00 3 1 ] El 1 - y 

[00 32] EHti>V>T. NRZft-^-tiD - FF 1 1 

ODAjJb&Zb bi>l/Z^ ex ORt'-l l 2<7)— 

cOA^Ji:^!.,, D-FF11I1 yny^CLKKK 
A^Jt LT^S. £C0D - FF 1 lcOiEfflffi^Qii:. E 
X - OR^-M 2comJjCDAjJt%&, 
[00 33] Z^X\ NRZf—ftf^itt&b, -eco 
"Mt^A 5 y^'cOT-^^'D - FFlltl^O'y^ 

S fix \%<r> 7 o -y ? ^ 5 y ^'cor- ^ fc fttc E x 

- OR^r'-M IfcXh^tlhZ. bt^^ EX-OR^r' 

-M 2<n\^Mt "L" "H" ]/KMzW& 

•f-S. ^LT. ^D>y ^CLKCOjt_h^Dt- "L" ^ 
Mzm.&<, -f^h-lb. D - FF 1 lfcitmx - OR^ 
-M 2(i. NRZffi-^cOx-^^bSr^m-f-^*©^ 

[0034] EX - OR^'-l 1 2C0ffi^ii, D - FF 
13, \A<7)% r CY.Xhbt£hbbh\ l Z, 3KKOR? 
— M 5 CO— X-ft b %> . D-FF13I1 ^n-y^C 
LKSrDA^JtL. NRZ^-^^-ftL^fc^t. C 
KA^Ji: LT4-i.fetLSEX - ORf-b 1 2C0iii?llZ 
J^LT^n*y^CLK»i(ffitKJB*]iStOiitr. D - F 
F 1 3c0iEfflm^Q{i. OR^-M 5cofficO— A^Jt 
^Stfctt, 3A7JORy-M6, 17«D#— A* 

[0035] D-FF14I1 ^Oy^SCK^D At) 

i:L. NRZf-^3&*3gffcLfc4:Sfc:, C KXf}b LX 
4x.^EX - ORf-f 1 2 ^mtiizm^-Lx ^ a 

v^SCKCOf^a^SrBXOatf, D - F F 1 4 cOIEffl 
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£>D-FF13, 14(4. ?P7?CLK^ J9Wl*lt 

ts ft 4 N r z -r - * £>5Wfcffi« £ Wtfrt" 4 *® * ffift L 

[00 36] 3AJOR^ b 1 5<^2o<7)A:Jk IPfe 
EX - OR^b 1 2^tiitJ*^X.^ixSA^feJ:^D 

- F F 1 4^jEffitB*Q3&^^4AiH4. ftf&*A* 
fc&^TV^&o OR^-M 5cr)\£j)\t, D -FF18 
CDDA^fc^&c D-FF18J2. ^n^^CLKK 

D-FF18ft NRZfg^MSB^^iai^S^^a 
[0037] D-FF1 8<50iEffiaiJjQ(iORy— b 1 

6<^2 0tf)A:JK BP^D - F F 1 3<7)W&\itf)Qti^L 
#LSA*i5±^D - FF l4^iEfflaj*Q* s #-i.fLSA 
Alt tllA^t^tl^. ORy-M6, 17 
^#^^(4. D - FF 1 9 , 2 0^DAAtM, D 
-FF19, 2 0(1 ^ny^CLKSCKAAtU 
WiLb* 51 )^^ Sy/tORt'^h 1 6 , 17<7)# 

[0038] ^LT. D-FF1 9 0M»fflffi:JjQxj&*ja 
S»£lS<^&fc*^UPfI-^f: UT. D-FF2 0<$D 

-M 6 fectt^D - FF 1 9(1 ?P7?CLK^ 

supfi^sras^-rs^as. or^m7^'d 

-FF2 0I1 ?U y^CLK<^iX^— JSW^"C<?DN 
RZfg-^OfiffiSr^tfit, ^trO^DOWNff-^ 

[ 0 0 3 9 ] iJcfc. JilBlftR^*l5l*»»-«4«^ 
[0040] 3ri3. H2fej;lfl3^-fSy/f^ 

MCtSWC. (a)iiEX-ORy-Ml^^, 
(b)fiD-FFl 3c7)iEffitiJAQ^. ( c ) (4D - F 
F 1 4cOIEffltaAQ$r. ( d ) liOR^-h 1 5<7)ifcfj 
Sr. (e)(iOR^M60fij]^, (f)liOR^ 
-F 1 7<7)ft}j£. (g)liD-FFl 8CDIEfflft}jQ 

^mm^u a i <^n^hm^z\m—^^ 

[004 1 ] 5W\ m2i$XXfm3<?>94 S^'f^- 

htfev^T. NRz^-^^sijt 3 twsut Amm 

^mthtzb^h b. EX - ORV—b 1 2COiH^3 
(a) # "L" l^t^£> "H" W^KS^tS, <I 
<7)il#. ?P7?CLK^ "L" ?P7^SC 



-FF13, 1 4(,z^tv^tLW. v )&£tL&« irazx 

D-FF1 3cOIEffiaiAQ ( b ) "L" l^/K 
D - FF 1 4^IEfflffiA ( c ) 3&« "H" V^)Vb^hfz 

ORy-b l 5^)ftA ( d ) 3&s "L" W^fcS: 

D,OR^M6, 17e0#ffi*(e), < f ) 

(3 "H" l^/P££rS 0 

[0042] ^LT. mmt SWoy^CLKtfit 
i^ItCi^ ifUcHJHLTEX - ORy-bl 
2^t±JA ( a) 36 s "L" l/^;W:, o R y — b 1 5<7)ttl 
tj (d) ifi "H" l^/M^^tlMD. i^D - FF 
1 8A^iliWORy-h 1 5<7)ftA ( d ) <7D "H" 

Q (g) # "L" V^Vb^h, ^CD&f&tiK NRZf 
(Z, D - FF 1 9, 2 O^ORt'^ b 16,1 7 

A ( e ) , ( f ) <n "h" i^i^lfts^feffioa 

[0043] -t LT. M2CO^^ Jy^ft-hCSt 

xoiz, n r z ft^-^^x- * swbwsia 1 6 b mm 

t 7 CDMFSTB^ & b , EX-OR^M20ifiA 
(a) "L" i^/l^r>£> "H" L^UcMfft" 

4o <l£Ot#. ?D7?CLK, SCKA^C "H" !✓ 
^l^)lWI«aBC2b 0 . *C0IWI«JII**D - FF13, 

1 4t-e^x-rixSX0aifLSo Ztiiz^O. D - FF 1 

3^)IEfflaiAQ (b) ifi "H" WQWi&Os D - FF 
14tf>jEffltfcfjQ (c ) "H" U</W0«JB 

[0 044] £*U;:f+oTs ORy-bl 6^tiJA 
( e ) 3&* " L" U^fc^O. ORy— b 1 7£0m^l 

(f ) a^i&as "h" is'<jw)im*tm~r&. 

^fjt 9?;o7?CLK^lUW:ttJ: 

0. ^ilt^lfflLTEX- ORy-F 1 2^m* (a) 
ifi "L" tfcD - FF 1 8^'ORy-F 

1 5<7) "H" U^/^l&fltt^KOatP^h^j:^. 
-e^IEffi^AQ (g) "H" ^<;Ft^4 0 
[004 5] i<J0f:#|n|^pC D - FF1 9^0Ry- 
h 1 6COiHJ3 ( e ) CO "L" W^/l^lttilttJBSJROa 
D - FF2 0^'ORy-F 1 7 cO&jj ( f ) CO 

"H" ^;l^|(SH^*IR0atfifc(C*6fcft. D 
- FF 1 9C0^ffltii*Qxr*)4UPfI^^ "H" 
l-^;kh5:4. D - FF 1 SCDiEM^Q 

(g) ifi "H" U-^Hc3»»-rSii:fc:ffoT. ORy 
-M 6£0iHA (e ) "H" W<;Uzm^&<, 
[0046] LT. B§IfJtl3T-^n^^CLK^*^ 

_h3&*£,I fctJ: 0. D-FF1 9^0Ry-F 1 6C01H 

-ft (e ) Co "h w w^i^iftafleffitreoatffcfe. u 
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[0047]^, NRZft-f-CO^x-^^'ft^^SiJ 

swttfe t % . m-hmm t3tmmt4 commt m tx* 
t±, ^c?-/7clk mmx -h h m*\ 1 9 t b§ 

5'J 1 13c?)fflP H 1tcfc HTNRZ fi-^CD-r- jm^kfLh . 
[0048] H3<7):$M SV^ft- MZSrfJ: 

at, nrz m-^o&or- * seibwjai t s t b^m t 

9 tf^HiarCiB; S t » 5feC0*§-£i: HttC . E X - O R*f 
-V 1 2<7)aj7J ( a ) *>W "L" U<*/ki&»6 "H" U 

^;wca^-rs„ Zcr>b$. ;o^clk, SCK# 

*0B*fl$l9&t»D - FF 1 3(DJ£fflmSj (b) (i-tfti 
& "L" K;^m^<feO. D - FF 1 4«IEffim^l 
(c) 14 "H" K;t^£> " L" K/Wc»t-S>o 
[0 04 9] iixtiO, ORf-f 1 7(7)3^*^ 
T "L" U^fcsSrSfcft, -e^tt^ ( f ) t> "L" U 

ttf&ZtlZj:*), iflfcHJHLTEX - ORt'-M 
2cr>fcjj ( a) 36* "L" K;H:ID. 4£D - FF 1 
8i6 ! ORf — h 1 5c7) "H" l^;l^tfra^£IX>3S& 
tfifcfclJ: 1 ?, ^ftiEfflifcflQ (g) # "H" I^/kfc 

[0 0 5 0] «IcOt#|B|B#t, D-FF1 9* ! ORf~ 

h 1 6«ai* ( e ) cr> "H" P^KJ9itf»KJB*]Dl 0 & 
D - FF 2 0^'ORt'- h 1 7 cr>tf>,jj (f)(7) 

"L" l^UDf&gttffi£K mtffcft, D - FF2 0 
tf0i£ffltil^jQxT"*.SDOWN«-^t0^^ "H" 1/^/1- 
lc?)t§, D - FF 1 8<0IEfflai?JQ ( g ) jfi 

"H" K;Kcaff-T-g»<lht#oT. OR**— M7 
comtl (f ) "H" K/Wc31W><> 

[00 5 1 ] LT . B^gijt 13"C? n -y ? C LKi^*, 
±^"-S.<I tti 0 . D - FF 2 OffORy—h 1 7 <50£ti 
-h ( f ) CO "H" K/K^JMMWBtKOatffcft. D 
OWNfi-^i "l" Ws/l'i; ^&;b*>. NRZfl 
^■CT) ? a ••/ ? JfliSa t 9 d »y ? C L K tfOMI^ifc £ £ JfcSS 

[00 52] NRZft^'BtSlJt 5 fcWfSUt 6(7) 

JHIHTx-^SEfl: Lfe t S fcfci, i<^WBh?»4^ a -y ? 
ClW "H" 7rtv? SCKtf "L" 1x^/1- 

uOitfaJKIBfc* "5 , D - F F 1 3cO£ii^ ( b ) # "H" 
K/K D - FF 1 4^mtS ( c ) "L" K/l-t^r 



0, OR>*-M 6, 1 7<0#ffi^3 (e) , ( f ) 

IZ "H" V^Vb^htdsb^ UPft-^-i3j;t>'DOWNfi 

[0053] &#Mt 5*»4>i^Ht 9 wwiarrf*— 

itLtzb^cnym, IP*>D - FF 1 3^)fii^ (b ) 3&I 
"L" D - FF 1 4CDI&J] ( c ) # "H" ^ 

^cOttFJ^ttWStl.. ORy— M6, 17fO#m^J 
( e ) , ( f ) "H" K;Ufc44fc«>, UPft 

[00 54] $^t. ^n>y^CLK<7)Ti±^'9<7)^ [ J 

t 5<7)mrtx-^Slk* i *oit*i^rt(4, -ec7)fiJ}^-C-J4 
D - F F 1 8i7)j£ffiai^jQ ( g ) * s "H" IsKfVCVtfM 
(Cft"3, OR^-M 6, 1 7C0#tii^ (e ) , (f) 
"H" UPft^-JS it/DOW 

N«-f-{4ftt "L" l/^)44Tft5. 

[00 5 5] J3Lhc^t^3&»6^*>=5r i 3 fc, 
tfS-S.JlftaitKSl 0tJ;^i4\ «H^n«y^*fflv^ 
=5r < T i> . NRZ m^-cOA-X-mmmimt:^ oZb 

la&mibKStf a/sto. up/down^KHI,; 
i: &2rv\ 

[ 0 0 5 6 ] 04 f4, *56HgtffiS P L LES&WflfJ&y) 
^J^TK-r^'n-y^HT'^So H4^^Be*^J:at, 
S P L L ®ft 3 0 (4. «J±SlJW^ffi^ ( V C 

o) 3i, im&sm ( p d ) 32, ra«f*it®s ( f 

D) 3 3. -f-*r—i;tf>y°®$&3 4 , 3 5i3j:Wl-7' 
7^1/^3 5, 3 6S:*L. JHfeiScJ:tK#533i:LT, 

lai iz^LtzmfccomimLtiLMm 1 os-ffl^-cv^. 

[00 57] ±IBffi)Sc<7)PLL[ll|iS3 Ofc&VvC, flffi 
fWH®§l3 lO^ffi^a-y? (VC0?O7?) (4, 

fc =Sr s . tiffljt«ss 32^i vmmmm^ 33(4. n 

[ 0 0 5 8 ] fflfaHM$s3 2{4. VCO^U'y^tNR 

z fl^-cofiffl SribKL. -e <offlffl*(c*^v ^ Xim * it 

ab-S^cOU P ft-f-^/i(4fi[ffi 2:3^-5. /^y><?)D OW 

NS^aS^f*. i«fiffli:bK§i3 2c0ibKai^(4. 
^^—i/X>7°\*m3 43dX\tf)V—?°7 < JV? 3 

x ni±fflw?£Mgs 3 1 1 cTDfiffi t fotw- s ^ * coMffli 

[00 59] — ^r s JHfeSltiRfff 3311 VCO/07 

^ fc n r z ffi^cDMi£S5c£Jt!R l . ^commmmzm^ 

S3 3fti-b^ai^J{4. ^JiOTES&S 6fcJ;t/"C 
R^-77 ^1^37 S:^T*J±f [JW^iSS 3 1fcf» 

[0060] ico J; 3 HI twtfc^OBKIIfcriR 
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&mmm.tm& i o %m^x p l less 3 0 £«j£-rs 

ft. nrz fi-sf oTMgcoMIMw t;6tn7^«A 

— ^ > y ? a -y ? Srjgi -f 'frfficOlKl ^ P L L UlSSSr 
[0062] 

? m^fo-fiBiBtojiBiart-c^ nrz m^coT-?$cik<7) 

, ££NRZfI^TJg^mJ^£-6Tn>y 
— -y ^ n -y 7 iS ^ ^^BJcoAei, »PL L0 



CH2 1 #msm\ztohmmRWfrmMft*& 

[04 ] #I1HJ5<7)^£ P L L[3g£c7)fl§J&«— ^£^7" 

a-y^0-C$>l.o 

[05] P L L@gg<7)— St^n >y ?0t*2& 
[[16] P L L HIS&^fBl^^^J £ 3?*U >y ? ETC* 
[07] ^*^Jt«^jg^J:b«^«^£^yn^ 

[w-^)fft*Jt] 

10,3 3 -jaaawt«s. 11, 13, 14, is, 

19, 2 0-D-7'Jy77Oy7, 12-EX (x? 

ispjv—i/-?) -or^-k 15, is, 17-3A 

*ORy-h, 30-PLLW, 3 l»-*ffiBI»SBB 
S(VCO). 32-»fiMJt3K». 34, 35-ft- 
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